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BRAGG GRATING REFLECTION STRENGTH 
CONTROL 

[0001] The present invention relates to the control of the 
re?ective strength of a Bragg grating. In particular, although 
not exclusively, the invention relates to the re?ective strength 
control of Bragg gratings for use in a tunable laser to assist 
balance of front and rear re?ectors. 
[0002] It Will be understood that the terms “optical” and 
“optoelectronic” are used in this speci?cation in a non-spe 
ci?c sense, that is so as to cover use With radiation in the 
visible and non-visible parts of the spectrum, and so as not to 
be limited to use With visible light. Similarly, it Will be under 
stood that use of the term “light” may apply to electromag 
netic radiation of any frequency, and is not limited to light in 
the visible spectrum. Further it Will be understood that the use 
of the term “Waveguide” describes a structure that guides light 
and Which may comprise a plurality of layers. 
[0003] Tunable lasers are important for a number of appli 
cations in optical telecommunications and signal processing 
applications. The design and operation of tunable lasers is 
described, for example, in the article “Tunable Laser Diodes” 
by Markus-Christian Amann and Jens Buus (ISBN 
0890069638). An exemplary design of tunable laser com 
prises a gain region bounded at one end by a re?ector in the 
form of a Distributed Bragg Re?ector (DBR) adapted to 
re?ect a range of Wavelengths (often knoWn as a chirped 
grating), and at the other end by a DBR adapted to re?ect a 
“com ” spectrum of discrete Wavelength peaks. 
[0004] Further designs of tunable laser are possible: US. 
Pat. No. 5,838,714 describes a three section DBR laser in 
Which the DBR is segmented and composed of a repeating 
chirpedpattem, With interdigitated electrodes connected such 
that each segment of grating is electrically connected in par 
allel With all other comparable sections. Thus it is electrically 
equivalent to a single chirped segmented grating, but opti 
cally Will have more uniform attenuation of all Wavelengths 
(due to the lossy nature of the grating). 
[0005] US. Pat. No. 5,379,318 describes a tunable laser in 
Which tWo segmented DBRs, one on either side of a gain 
section, are used that each produce a comb-like re?ection 
spectrum, and the tWo spectra have interleaved peaks, such 
that an individual peak from one segment can be tuned to 
overlap that of a peak in the other DBR, in order to create and 
de?ne an optical cavity that is above the lasing threshold. 
[0006] Distributed Bragg gratings are commonly found in 
optical ?bres and semiconductor optical devices. Such grat 
ings in optical ?bres are knoWn as “Fibre Bragg Gratings” 
(FBGs) and those in semiconductor optical devices as “Dis 
tributed Bragg Re?ectors” (DBRs). 
[0007] In its simplest form, a Bragg grating comprises a 
periodic modulation of the refractive index of a Waveguide. 
Light is scattered at each change in refractive index. If the 
Bragg condition is satis?ed, the light re?ected at each of the 
grating planes interferes constructively. The Bragg condition 
is de?ned as KBI2nE?A, Where AB is the Wavelength of the 
incident light, ne? is the effective refractive index of the 
Waveguide, and A is the pitch of the modulation. A grating of 
constant pitch and re?ective strength thus produces a re?ec 
tion of light of a Wavelength of tWice the effective pitch of the 
grating, Where the effective pitch differs from actual pitch by 
a factor of nef. Where DBRs are provided in a semiconductor 
Waveguide, the grating is typically formed by etching a litho 
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graphic pattern in a chemical resist into the structure part of 
the Way through epitaxial groWth, and then overgroWing With 
a material of different refractive index. The lithographic pat 
terns may be Written holographically using an optical inter 
ference pattern, photolithographically by exposing through a 
mask onto a light sensitive resist (photoresist), or by electron 
beam (“e-beam”) lithography using e-beam sensitive resist. 
[0008] Bragg gratings can also be adapted to re?ect a range 
of Wavelengths, and these are knoWn as chirped gratings. The 
pitch A of a chirped grating varies along the length of the 
grating, commonly monotonically, as shoWn schematically in 
FIG. 1. A chirped grating of constant re?ective strength 
should produce a re?ection spectrum (re?ectivity plotted 
against Wavelength) in the shape of a “top hat”, i.e. the re?ec 
tion of the grating is substantially uniform Within a speci?c 
Wavelength range, as shoWn in FIG. 2. Chirped gratings are 
often incorporated into tunable semiconductor lasers as a 
re?ector at one end of the gain region of the laser, and an 
example is shoWn in WO 03/012936. Further examples may 
be seen in US. Pat. No. 6,771,687, Which provides an 
example of hoW FBGs may be used in an FBG stabilised laser, 
and US. Pat. No. 6,345,135, Which illustrates applications of 
DBRs in semiconductor optoelectronic devices. 
[0009] The re?ector at the other end of a tunable laser may 
be arranged to produce a “com ” of re?ective peaks at dis 
crete Wavelengths, as shoWn in FIG. 3. This comb-like spec 
trum can be produced by a segmented grating With a stepped 
pitchiie. a series of discrete grating segments, each of dif 
ferent pitches. 
[0010] An alternative form of comb grating is knoWn as a 
“sampled grating” and an example is shoWn schematically in 
FIG. 4. The DBR comprises a repeating pattern of units 1, 2, 
3, each unit comprising a constant pitch grating 4, 5, 6 fol 
loWed by a region 7, 8, 9 from Which the grating is absent. 
Sampled gratings are described, for example, in Amman and 
Buus (ISBN 0890069638imentioned above) and US. Pat. 
No. 6,141,370. The grating-less regions 7, 8, 9 are much 
greater in length than the grating period Al. DBRs of this 
form produce a comb of re?ectionpeaks With a sinc2 envelope 
function, i.e. the envelope function is peaked at a central 
maximum, falling aWay at the sides, such that re?ective peaks 
aWay from the centre of the operating range typically have a 
Weaker re?ection, as shoWn in FIG. 5. The shape of these 
DBRs makes it di?icult to operate tWo of them together With 
different peak spacings in a Vernier manner, as described in 
US. Pat. No. 4,896,325. 
[0011] The sampled grating can be modi?ed to produce a 
?at topped comb-like re?ector (as shoWn in FIG. 3) by replac 
ing the constant pitch gratings in each unit by chirped grat 
ings, as described inU.S. Pat. No. 5,325,392 andU.S. Pat. No. 
6,141,370. Such gratings are knoWn as “superstructure grat 
ings” or “periodically chirped gratings”. More complex non 
binary superstructure gratings are also knoWn. 
[0012] Another DBR that produces a comb-like re?ection 
spectrum is knoWn as a “phase change grating” and an 
example is shoWn in FIG. 6. Such a grating typically com 
prises sections of constant pitch grating 10-15 separated by 
phase changes 16 of at radians, and by careful design can 
produce a comb of re?ection peaks Within a substantially ?at 
topped envelope function, as explained in US. Pat. No. 6,345, 
135. Such gratings require complex computer modelling and 
optimisation, and are considered to be particularly sensitive 
to design variations. 
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[0013] In a tunable laser the relative re?ective strength of 
the different gratings, e.g. front and rear gratings, is impor 
tant, as this alloWs for optimisation of the ratio of poWer 
emitted from the front and the rear. Some tunable lasers 
comprise more than tWo DBRs, and the relative re?ective 
strengths need careful balancing. Controlling the relative 
strengths of these gratings can be achieved in a number of 
Ways. 

[0014] One knoWn method for controlling the re?ective 
strength of a grating involves changing the relative Widths of 
“marks” and “spaces” in the grating. As described, for 
example, inAmann & Buus (ISBN 089006963 8imentioned 
above), the re?ective strength is highest When the mark: space 
Width ratio of ?rst order gratings is close to 1:1. This method 
of strength control can be used for all types of gratings, 
although for very Weak gratings it affects the spectral pro?le 
to some extent. HoWever, producing gratings With different 
mark:space Width ratios requires separate lithography and 
etching to produce each grating, and this adds to the number 
of steps required in the production of the laser. This results in 
a process that is dif?cult to control With the necessary preci 
sion, as Well as increasing the time and expense required. 

[0015] Another method for controlling the re?ective 
strength of a grating involves changing the length of the 
grating. It is knoWn that the re?ective intensity of a grating is 
a function of the length of the grating. HoWever, changing the 
length of a grating (Whilst maintaining the range of pitches) 
also has an effect on the pro?le of the re?ection. The re?ec 
tion peaks of a constant pitch grating become both narroWer 
and stronger With increasing grating length. The re?ection 
pro?le of a chirped grating becomes stronger With increasing 
length, although other shape changes Will be less signi?cant. 
[0016] In addition, the re?ective intensity of a grating satu 
rates as the length is increased beyond a certain point. Most 
light is re?ected at the front of a DBR, With diminishing 
returns being obtained for lengthening the grating, and the 
grating as a Whole experiences an approximately exponential 
decay-like level of light as a function of distance from the 
input. Furthermore, a DBR is inherently lossy, Which further 
contributes to the diminishing returns from increasing the 
length. 
[0017] There is also a particular problem With reducing the 
length of a phase change grating to reduce its re?ectivity: the 
reduction in length causes the individual peaks of the re?ec 
tion spectrum to become Wider, Which can reduce the perfor 
mance of a DBR laser. 

[0018] When a DBR is used at the front of a semiconductor 
laser, increasing the strength of the grating above a certain 
level Will reduce the laser’s output poWer, and so the re?ec 
tivity has to be restricted. When a DBR is used as a rear 
re?ector in a semiconductor laser, it is typically of a high 
re?ectivity, in Which case there Would be little change pro 
duced by increasing the grating length. 
[0019] In accordance With one aspect of the present inven 
tion there is provided a tunable laser comprising a gain sec 
tion and tWo or more re?ectors, at least one of the re?ectors 
being a Bragg grating, the grating comprising a reduced 
strength section comprising a periodic pattern of marks and 
spaces, the periodic pattern comprising a base order pattern 
from Which at least some of the marks or spaces are missing, 
so that the re?ective strength of the grating is controlled 
relative to the re?ective strength of the or each other re?ector. 
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The reduced strength section may extend the Whole length of 
the grating so that the Whole grating is reduced in re?ective 
strength. 
[0020] Thus the strength of the grating may be controlled 
With no need to change the amplitude of the marks or the 
mark:space ratio. 
[0021] Preferably the periodic pattern of the reduced 
strength section is de?ned by the base order pattern modu 
lated by a higher order envelope function that determines 
Which marks or spaces are missing from the base order pat 
tern. In practice, the reduction in strength does not normally 
need to be high, and in a preferred embodiment one out of 
every N marks or spaces of the base order pattern is missing 
in the reduced strength section, Where N is an integer greater 
than one. 

[0022] The grating may be a chirped grating, in Which case 
the period of the base order pattern varies along the length of 
the grating. Such a grating may be used in the front re?ector 
of a tunable laser. 

[0023] Alternatively, the grating may be a comb grating 
adapted to produce a re?ection spectrum comprising a plu 
rality of re?ective peaks at discrete Wavelengths. Such a grat 
ing is typically the rear re?ector of a tunable laser. 
[0024] The grating may be a stepped pitch grating compris 
ing a plurality of grating sections, the period of the base order 
pattern of each section being different, Wherein some or all of 
the grating sections are reduced strength sections having 
marks or spaces missing from their respective base order 
pattern. 
[0025] In another embodiment, the grating is a phase 
change grating comprising a plurality of ?xed pitch grating 
sections separated by phase changes of at radians, Wherein 
some or all of the grating sections are reduced strength sec 
tions having marks or spaces missing from the base order 
pattern. 
[0026] It Will be appreciated that tWo (or more) of the 
re?ectors may be Bragg gratings, and one or more of these 
gratings may comprise a reduced strength section as 
described above. The tWo gratings may be a chirped grating as 
a front re?ector and a comb grating as a rear re?ector. Alter 
natively both gratings may be comb gratings. Other possible 
arrangements Will be apparent to the Worker skilled in the art. 
Generally, the re?ective strength of the re?ectors is controlled 
so that the front re?ector has a relatively loW re?ective 
strength and the rear re?ector has a relatively high re?ective 
strength. In one embodiment the tWo gratings have a different 
order for the missing marks: one grating may have one out of 
every M marks (or spaces) missing, and the other may have 
one out of every L marks missing, Where M and L are different 
integers. In another embodiment one grating may have marks 
(or spaces) missing and the other may not have any marks 
missing. 
[0027] The use of tWo gratings With relative re?ective 
strength controlled by selective deletion of lines from the base 
order pattern signi?cantly improves the manufacturing pro 
cess. Both gratings can noW be manufactured in a single 
process step (for example by electron beam Writing) With the 
same gratings process and etch depth for both, thereby reduc 
ing processing variation and increasing yield. 
[0028] In accordance With another aspect of the present 
invention there is provided a Bragg grating adapted to pro 
duce a re?ection spectrum comprising a comb of re?ective 
peaks at discrete Wavelengths, the grating comprising a plu 
rality of grating sections formed by a base order periodic 



US 2008/0240175 A1 

pattern of marks and spaces, the grating sections being sepa 
rated by phase changes of at radians, Wherein some or all of 
the grating sections are reduced strength sections, each 
reduced strength section comprising a periodic pattern of 
marks and spaces de?ned by the base order pattern from 
Which at least some of the marks or spaces are missing. 

[0029] The use of a deleted lines scheme thus enables the 
re?ective strength of a phase change grating to be easily 
controlled, despite the sensitivity of such gratings to manu 
facturing variations. 
[0030] Preferably the pattern of each reduced strength sec 
tion is de?ned by the base order pattern modulated by a higher 
order envelope function that determines Which marks or 
spaces are missing from the base order pattern. In a preferred 
embodiment, one out of every N marks or spaces of the base 
order pattern is missing in each reduced strength section, 
Where N is an integer greater than one. More preferably, one 
out of every three, ?ve or seven marks or spaces is missing 
from the base order pattern in each reduced strength section. 
[0031] In accordance With another aspect of the present 
invention there is provided a method of balancing the relative 
re?ective strengths of re?ectors formed by Bragg gratings in 
a tunable laser, Wherein the gratings comprise sections 
formed by a base order periodic pattern of marks and spaces, 
the method comprising removing some of the marks or spaces 
from at least one of the gratings to form a periodic pattern 
de?ned by the base order pattern from Which some of the 
marks or spaces are missing. The marks and spaces are pref 
erably formed in a Waveguide by electron beam lithography. 
[0032] In accordance With another aspect of the present 
invention there is provided a method of manufacturing a 
reduced strength Bragg grating adapted to produce a re?ec 
tion spectrum comprising a comb of re?ective peaks at dis 
crete Wavelengths, comprising forming a plurality of grating 
sections comprising a base order periodic pattern of marks 
and spaces, the grating sections being separated by phase 
changes of at radians, and forming some or preferably all of 
the grating sections as reduced strength sections, each 
reduced strength section comprising a periodic pattern of 
marks and spaces de?ned by the base order pattern from 
Which at least some of the marks or spaces are missing. 

[0033] Some preferred embodiments of the invention Will 
noW be described by Way of example only and With reference 
to the accompanying draWings, in Which: 
[0034] FIG. 1 is a schematic representation of a chirped 
Bragg grating; 
[0035] FIG. 2 is a graph shoWing the re?ection spectrum of 
the grating of FIG. 1; 
[0036] FIG. 3 is a graph shoWing a schematic re?ection 
spectrum of a Bragg comb grating; 
[0037] FIG. 4 is a schematic representation of a sampled 
Bragg grating; 
[0038] FIG. 5 is a graph shoWing the re?ection spectrum of 
the grating of FIG. 4; 
[0039] FIG. 6 is a schematic representation of a Bragg 
phase change grating; 
[0040] FIG. 7 is a schematic representation of a tunable 
laser; 
[0041] FIGS. 8A to 8C are schematic representations of a 
grating region shoWing hoW the local re?ection strength can 
be reduced by line deletion; 
[0042] FIGS. 9A and 9B shoW an alternative scheme for 
line deletion; 
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[0043] FIG. 10 is a schematic representation of a chirped 
grating With re?ection strength reduced by line deletion; 
[0044] FIG. 11 is a graph comparing the re?ection spectra 
of a full strength chirped grating and the reduced strength 
grating of FIG. 10; 
[0045] FIG. 12A is the re?ection spectrum of a full strength 
phase change grating; and 
[0046] FIG. 12B is the re?ection spectrum of a reduced 
strength phase change grating With one out of every three 
marks missing. 
[0047] FIG. 7 is a schematic representation of a typical 
tunable laser 20, ofthe type described in WO 03/012936. As 
is conventional, the laser is built up in a series of layers, With 
a Waveguide layer 21 bounded by a loWer layer 22 and upper 
layer 23. The structure may include further layers, but they are 
not material to the invention and are not shoWn for clarity. 
[0048] The laser 20 has four principal sections: a gain sec 
tion 24, a phase change section 25 and front and rear re?ecting 
sections 26, 27. The rear re?ecting section 27 has a phase 
shifted distributed Bragg re?ector 28 (similar to that shoWn in 
FIG. 6) formed in the upper layer 23. This re?ector produces 
a comb of re?ectance peaks at separated Wavelengths. The 
front re?ecting section 26 consists of a linearly chirped grat 
ing 29 of progressive pitch variation along the length. It Will 
be noted that the chirped re?ector of FIG. 8 is represented as 
a sinusoidal variation in refractive index, Whereas the chirped 
re?ector previously shoWn in FIG. 1 is castellated. The physi 
cal shape depends largely on the manufacturing method used 
to produce the grating. Both types of grating Work in a similar 
manner and for the present invention may be considered 
interchangeable. 
[0049] The laser operates by injecting su?icient current 
into the gain section 24 to create a population inversion of 
charge carriers, and by making a portion of the front grating 
26 re?ect light of a speci?c Wavelengthpreferentially, so thcat 
the rear grating 27 selectively re?ects light of that particular 
Wavelength. The front grating Will re?ect back the light at that 
Wavelength, so that the Wavelength Will become the preferred 
or enhanced Wavelength and the laser Will start to lase at that 
Wavelength. The mechanism by Which a preferred Wave 
length is selected is Well knoWn and described, for example, 
in WO 03/012936 and Will not be reproduced here. 
[0050] The relative re?ective strengths of the front grating 
26 and rear grating 27 are important to the operation of the 
laser: in general, the front grating 26 should have a relatively 
loW re?ectivity and the rear grating 27 should have a rela 
tively high re?ectivity. In order to reduce the strength of either 
of these gratings, a “deleted lines” approach is used. This 
approach is particularly suitable for gratings Written by 
e-beam lithography and is described in detail in British patent 
no. 2418995. An explanation is also given With reference to 
FIGS. 8 and 9. 
[0051] FIG. 8A is a schematic diagram of a section of 
grating 40 comprising a plurality of marks 41 separated by 
spaces 42, With a pitch AB. The grating section 40 forms part 
of a larger chirped or comb grating, but over the distance 
shoWn in FIG. 8A the pitch A B does not change appreciably. 
The markzspace ratio of this grating section 40 is 1:1 and the 
grating is ?rst order (With respect to light in the Waveguide). 
[0052] FIG. 8B shoWs a ?fth order binary envelope func 
tion 43 Which is used to modulate the grating section 40, such 
that every ?fth mark 41 of the ?rst order grating is ‘deleted’ to 
produce a neW grating section 44, as shoWn in FIG. 8C. This 
produces a grating section 44 With a loWer re?ectivity than the 
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complete ?rst order grating section 40. It may be visualised 
either as a ?rst order grating section With every ?fth line 
deleted, or as a combination of a ?rst order and a ?fth order 
pattern. Other higher order envelopes may also be applied to 
the ?rst order grating 40 to reduce the re?ectivity still further, 
for example by deleting tWo, three or four marks out of every 
?ve, or by using a different order grating as the higher order 
grating. 
[0053] A useful short-hand notation may be used to 
describe the resultant design of grating, type “x/m”, Where m 
is the order of the modulation envelope function compared 
With the base order, and Where x is the number of marks per 
period of the envelope function rebased With respect to the 
base order. In the modi?ed grating section 44 shoWn in FIG. 
8C the modulation function 43 is ?fth order compared to the 
base ?rst order grating section 20 (so m:5) and four marks 
remain per envelope period (so x:4). The grating section 24 
shoWn in FIG. 8C is thus denoted 4/ 5 type, and is itself a ?fth 
order grating section. 
[0054] A different ?fth order binary envelope 45 and cor 
responding 1/5 type grating section 46 are shoWn in FIGS. 9A 
and 9B. The re?ection strength of the 1/ 5 type grating section 
46 is loWer still than that of the 4/5 type grating section 44. 
Generally speaking, the re?ective strength of a grating sec 
tion is related to its x/m value relative to the base grating 
section. 
[0055] A reduced strength grating section such as the 4/ 5 
grating section 46 or 1/5 grating section 44 may be incorpo 
rated into a chirped grating (such as that shoWn in FIG. 1). In 
practice, the Whole length of the grating Will normally be 
modi?ed so that the re?ective strength of the Whole grating is 
reduced. FIG. 10 is a schematic representation of a reduced 
strength chirped grating 50 of 2/ 3 type. The grating comprises 
a base order pattern having marks 51 and spaces 52 With a 
pitch A increasing along the length of the grating (as in FIG. 
1). Every third mark 53 (shoWn in broken lines) is missing. 
The overall re?ective strength of the grating 50 is thus 
reduced. 
[0056] This reduction in re?ective strength is shoWn in FIG. 
11. The re?ection spectrum 54 of a “full strength” chirped 
grating (similar to the grating of FIG. 1) is shoWn, together 
With the re?ection spectrum 55 of a 2/3 type chirped grating 
similar to the grating 50 shoWn in FIG. 10. It can be seen that 
the removal of every third line has led to a signi?cant reduc 
tion in re?ectivity at all Wavelengths in the spectrum 55 of the 
2/3 type grating. It Will also be noted that the reduction is 
substantially independent of Wavelength. Thus the Wave 
length response of the grating is largely unchanged. 
[0057] Reduced strength grating sections can also be incor 
porated into stepped pitch gratings, in Which case each grat 
ing section has a different pitch, but each section is of the type 
x/m, as described above. In an exemplary embodiment, one 
out of every three marks Will be missing throughout the 
grating. 
[0058] The same approach can theoretically also be used 
for sampled gratings, although in practice there are typically 
so feW lines already in each grating section that the re?ective 
strength is already loW and the “deleted lines” system is less 
likely to be necessary. In addition, if it should be desirable to 
reduce the strength of the grating by reducing the number of 
teeth, this could be better achieved by reducing the grating 
burst length (Which also advantageously ?attens the sinc2 
pro?le of the re?ection spectrum). Furthermore, sampled 
gratings are commonly Written holographically. One of the 
particular advantages of the deleted lines approach to strength 
reduction is its application to electron beam Writing, and in 
general this Would not apply to sampled gratings. 
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[0059] It has been found that the control of re?ective 
strength by the deleted lines technique even Works for phase 
change gratings such as that shoWn in FIG. 6. This is unex 
pected given the sensitivity of phase change gratings to design 
variances. The application of the technique is as described 
above: (m-x) marks out of every m are removed from each 
grating section betWeen the at phase changes. FIG. 11A shoWs 
the re?ection spectrum 56 of a “full strength” phase change 
grating such as that shoWn in FIG. 6. FIG. 11B shoWs the 
re?ection spectrum 57 (at the same scale) of a 2/ 3 type phase 
change grating With every third mark missing from each 
grating section. It can easily be seen that the re?ectivity 
strength of each Wavelength peak has reduced by about a 
third. 
[0060] In practice, the deleted lines scheme is generally 
successful With phase change gratings as long as not too feW 
marks are removed. The proportion of marks deleted from 
each section should be substantially uniform throughout the 
grating. Since some sections are short, this proportion Will not 
be uniform if too feW marks are deleted. Preferably the length 
of the higher order envelope function is less than the length of 
the shortest grating section. 
[0061] Referring back to FIG. 7, it can thus be seen that the 
re?ective strength of the front re?ector 26 and rear re?ector 
27 can be controlled using the deleted lines technique. It is 
then straightforWard to ensure that the relative re?ective 
strength of the tWo re?ectors is correctly balanced. The com 
bination of different x/m combinations for the different grat 
ings enables control of the relative re?ective strength of the 
gratings. 
[0062] In a further embodiment, the technique may be used 
to balance the re?ective strengths of tWo or more DBR grat 
ings in a multiple section DBR laser. 
[0063] It Will be appreciated that variations from the above 
described embodiments may still fall Within the scope of the 
invention. For example, a tunable laser has been described 
having a comb grating as a rear re?ector and a chirped grating 
as a front re?ector, but the invention may equally Well be used 
With other designs of tunable laser. For example, WO 
03/012936 also describes a laser having a phase change grat 
ing as a rear re?ector and a segmented grating as a front 
re?ector in addition to the phase change grating/ chirped grat 
ing laser described above. In this case, the re?ective strengths 
of the phase change grating or the segmented grating, or both, 
may be controlled by line deletion. Other tunable lasers have 
phase change gratings as both front and rear re?ectors and the 
relative re?ective strengths of such gratings may be con 
trolled as described above. It Will also be appreciated that 
tunable lasers may include Bragg gratings alongside other 
forms of re?ector such as facets. The invention may still be 
applied to such lasers by controlling the re?ective strength of 
the Bragg grating to balance With the other re?ector. 
[0064] Furthermore, speci?c examples have been given of 
2/3 type chirped and phase change gratings, but it has been 
found that removal of one out of every ?ve or one out of every 
seven lines from a chirped or phase change grating is also 
effective. Other possible schemes Will be apparent to one 
skilled in the art. As mentioned above, it is the combination of 
different x/m combinations that enables control of the relative 
re?ective strength of the gratings. 
[0065] It Will also be appreciated that the deleted lines 
technique may be used to balance the strengths of different 
segments Within a single Bragg grating. For example, those 
segments closer to the gain section of a laser might be Weaker, 
in order to compensate for the greater attenuation that re?ec 
tions from the more distant segments experience. Altema 
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tively, some portions of a grating may be reduced in strength 
relative to other portions in order to compensate for a non 
uniform Wavelength pro?le in the gain section, as described in 
British application no. 05197991 

1. A Bragg grating adapted to produce a re?ection spec 
trum comprising a comb of re?ective peaks at discrete Wave 
lengths, the grating comprising a plurality of grating sections 
formed by a base order periodic pattern of marks and spaces, 
the grating sections being separated by phase changes of at 
radians, Wherein some or all of the grating sections are 
reduced strength sections, each reduced strength section 
comprising a periodic pattern of marks and spaces de?ned by 
the base order pattern from Which at least some of the marks 
or spaces are missing. 

2. The grating of claim 1, Wherein the pattern of each 
reduced strength section is de?ned by the base order pattern 
modulated by a periodic higher order envelope function that 
determines Which marks or spaces are missing from the base 
order pattern. 

3. The grating of claim 1, Wherein n out of every m marks 
or spaces of the base order pattern is missing in each reduced 
strength section, Where m is an integer greater than n, and n is 
one or an integer greater than one. 

4. The grating of claim 1, Wherein one out of every three, 
?ve or seven marks or spaces is missing from the base order 
pattern in each reduced strength section. 

5. A tunable laser comprising a gain section and tWo or 
more re?ectors, at least one of the re?ectors being a Bragg 
grating, the grating comprising a reduced strength section 
comprising a periodic pattern of marks and spaces, the peri 
odic pattern comprising a base order pattern from Which at 
least some of the marks or spaces are missing, so that the 
re?ective strength of the grating is controlled relative to the 
re?ective strength of the or each other re?ector. 

6. The tunable laser of claim 5, Wherein the periodic pattern 
of the reduced strength section is de?ned by the base order 
pattern modulated by a higher order envelope function that 
determines Which marks or spaces are missing from the base 
order pattern. 

7. The tunable laser of claim 5, Wherein n out of every m 
marks or spaces of the base order pattern is missing in the 
reduced strength section, Where m is an integer greater than n, 
and n is one or an integer greater than one. 

8. The tunable laser of claim 5, Wherein the reduced 
strength section extends the Whole length of the grating. 

9. The tunable laser of claim 5, Wherein the grating is a 
chirped grating, and Wherein the period of the base order 
pattern varies along the length of the grating. 

10. The tunable laser of claim 5, Wherein the grating is a 
comb grating adapted to produce a re?ection spectrum com 
prising a plurality of re?ective peaks at discrete Wavelengths. 

11. The tunable laser of claim 10, Wherein the grating is a 
stepped pitch grating comprising a plurality of grating sec 
tions, the period of the base order pattern of each section 
being different, and Wherein some or all of the grating sec 
tions are reduced strength sections having marks or spaces 
missing from their respective base order pattern. 

12. The tunable laser of claim 10, Wherein the grating 
comprises a plurality of grating sections formed by a base 
order periodic pattern of marks and spaces, the grating sec 
tions being separated by phase changes of at radians, Wherein 
some or all of the grating sections are the reduced strength 
sections, each reduced strength section comprising the peri 
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odic pattern of marks and spaces de?ned by the base order 
pattern from Which at least some of the marks or spaces are 
missing. 

13. The tunable laser of claim 5, Wherein at least tWo of the 
re?ectors are Bragg gratings, and one or more of the gratings 
comprises a reduced strength section comprising a base order 
periodic pattern of marks and spaces from Which at least some 
of the marks or spaces are missing to so that the relative 
strength of the tWo gratings relative to each other is con 
trolled. 

14. The tunable laser of claim 13, Wherein the reduced 
strength section of one of the gratings has one out of every M 
marks or spaces missing from its base order pattern, and the 
reduced strength section of the other of the gratings has one 
out of every L marks or spaces missing from its base order 
pattern, Where M and L are different integers greater than one. 

15. The tunable laser of claim 13, Wherein the reduced 
strength section of one of the gratings has one out of every M 
marks or spaces missing from its base order pattern, and the 
other grating has no marks or spaces missing from its base 
order pattern. 

16. The tunable laser of claim 5, Wherein the re?ectors 
comprise a front re?ector and a rear re?ector bounding the 
gain section, and Wherein the Bragg grating With the reduced 
strength section forms at least part of the front re?ector or the 
rear re?ector. 

17. The tunable laser of claim 16, Wherein the re?ective 
strength of the re?ectors is controlled so that the front re?ec 
tor has a relatively loW re?ective strength and the rear re?ec 
tor has a relatively high re?ective strength. 

18. The tunable laser of claim 16, Wherein the front re?ec 
tor is a chirped grating and the rear re?ector is a comb grating. 

19. The tunable laser of claim 1 6, Wherein the front and rear 
re?ectors are comb gratings. 

20. The tunable laser of claim 5, Wherein the reduced 
strength section compensates for a non-uniform Wavelength 
gain pro?le in the gain section of the laser. 

21. A method of manufacturing a reduced strength Bragg 
grating adapted to produce a re?ection spectrum comprising 
a comb of re?ective peaks at discrete Wavelengths, compris 
ing forming a plurality of grating sections comprising a base 
order periodic pattern of marks and spaces, the grating sec 
tions being separated by phase changes of at radians, and 
forming some or all of the grating sections as reduced strength 
sections, each reduced strength section comprising a periodic 
pattern of marks and spaces de?ned by the base order pattern 
from Which at least some of the marks or spaces are missing. 

22. A method of balancing the relative re?ective strengths 
of re?ectors formed by Bragg gratings in a tunable laser, 
Wherein the gratings comprise sections formed by a base 
order periodic pattern of marks and spaces, the method com 
prising removing some of the marks or spaces from at least 
one of the gratings to form a periodic pattern de?ned by the 
base order pattern from Which some of the marks or spaces are 
missing. 

23. The tunable laser claim 22, Wherein n out of every m 
lines is removed from at least one of the gratings, Where m is 
an integer greater than n, and n is one or an integer greater than 

24. The tunable laser claim 22, Wherein the marks and 
spaces are formed in a Waveguide by electron beam 
lithography. 


